
The Space Radiation Environment as It 
Relates to Electronic System 
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The NATURAL Space Radiation 
Environment 
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I '  "hat is the Space Radiatior: 
Environment Hazard? I -  

* Energetic particles 

Particles can come from the Sun 

ParticfesWJWbeWrapped" 

- Protons. Electrons, Heavy ions (ex., charged Fe ion) 

- Ex,sstarewmts 
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. 
Solar Particle Events 

Sunspot Cycle: 
An Indicator of the Solar Cycle 
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Solar Proton Event - October 1989 

Proton Fluxes - "99% Worst Case Event" 

@' Free-Space Particles: Galactic 
Cosmic Rays (GCRs) or Heavy 

Ions 
Definition 
- A GCR ion is a pslti- QIEY wllnimun. lW* W -)a 
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I ‘a Trapped Particies in the Earth’s Magnetic 
Field: Proton & Electron Populations 

AP-8 Proton Model  AE-8 Electron Mode l  

SAA and Trapped Protons: 
SRAM Upset Rates by Altitude Slices on CRUWAPEX I 
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Solar Cycle Effects: 
Modulator and Source 

The Environment in Action 
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Recent SQ!W Events - 
A Few Notes and Implications w 

@ SOH0 LASCO C2 of the Halloween 
Solar Event of 2003 
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OES $XI View of the Halloween Event 

utput Degradation on CLUSTER Spacecraft 
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Seiected Other Consequences 

Orbits affected on several 
spacecraft 

Important note: Power system failure 

- fjIgtrcuITentInpower terrestrial levels 
- Malm0,Swrrden Effects propagated to 

transnriin i i i  

@ Real Estate: Location and Timing 
Drive Radiation Exposure 

Location 
- Where you fly and the route you take to get there impacts the 

GEO. LEO, Lunar, Mars, Jovian all have vastly different exposure 
leveis 

levels of radiation exposure 

- Wheney#RsyPeemkwithinaspaceaaffat%ctsttretunard - StWdh@playsardeinmdudngsomeradWion~@ut 

10 



LEO P,;zdiation Environment 
- 

Low lnclina tion 

Pros Cons 
- Fly below the earn's - Exposure to trapped particles 

- timitsddirectexpcwu~to *Rptolgcanlnduobnoiseor 
magneticbelts in SAA 

GCR and solar rmtides upsetsincanmerwal - a n d  

Lunar Environment 

Pros Cons 
- Notrapped particles - Full exposure to GCR 

L 0 w " q ~ d a y p a r t i c t e  Can bedestructive to 

- Full expcwure to solar 
lsvefs camnercialetectronics 

- Lorwrkvel.~energy 
parti- 

-Long-trmandtmn&n€ 
erkctsiocucrr 
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@ Radiation Environment Models 

Trapped particles (Earth) 
- NASA standard is AP-8 (proton) and AE-8 (electron) 

OnemodeIforSolarAllagoneforSolarWin 
* rtreoearestahicavuagesofolddata 

BoeinglPM(TrappedPmam~)-~t#lsedonNOAAmROSond 
- Updatesbeingworkedbasedonnewerdata,&tk@cs, - e t c  

CRRESdata 
POUEmodrdfaGEO&2CbW3S 

w Final Remark 

Beyond the “standard” concerns of space radiation 
environment for electronicsloptics, solar magnetic storms 
impact needs to be considered 
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